This study focused on an 80% ethanol:water extract of Galenia africana and Dicerothamnus rhinocerotis in which a phytochemical study revealed the presence of flavonoids as the major secondary plant metabolites. Eleven pure flavonoids viz., (E)-2',4'-dihydroxychalcone 1, (S)-7-hydroxyflavanone 2, (E)-2',4'-dihydroxy-2,3-dihydrochalcone 3, (S)-5,7-dihydroxyflavanone 4, (S)-2',5,7,-trihydroxyflavanone 5, (S)-5,7-dihydroxy-2'-methoxyflavanone 6, 5,7-dihydroxy-4H-chromen-4-one 7, (S)-5-hydroxy-7-methoxyflavanone 8 and (E)-2-hydroxy-3',6'-dimethoxychalcone 9 were isolated from G. africana, while [sakuranetin] (S)-4',5-dihydroxy-7-methoxyflavanone 10 and [eriodictyol-3',7-dimethyl ether] (S)-4',5-dihydroxy-3',7-dimethoxyflavanone 11 were isolated from D. rhinocerotis. Compounds 6 and 9 are new while this is the first reported isolation of 1, 2, 3, 4, 5, 7, 8, 10 and 11 from these plants. All isolated compounds were tested for their antimycobacterial activity against the reference strain Mtb H37Rv. The most active compound, 9, demonstrated a MIC 99 of 5 µM against Mtb H37Rv American Type Culture (ATCC) and (ATCC27294), which were also sensitive to Isoniazid (INH) and Rifampicin. The antibacterial activity of 9 might be ascribed to the presence of features such as the α,β-unsaturated ketone and the substitution patterns on the A and B rings.
Flavonoids represent a group of naturally occurring polyphenolic compounds with a major characteristic being the presence of a 1,3diarylpropane skeleton capable of assuming different cyclic and alicyclic arrangements, depending on the various levels of oxidation.
Chalcones, are open chain flavonoids characterized by the presence of two aromatic or phenolic rings joined by an α,β-unsaturated carbonyl chain viz., 1,3-diphenyl-2-propen-1-one. These classes of polyphenols are ubiquitously present in green plants, with the equilibrium between an open chain chalcone and the corresponding cyclic flavanone isomer representing a crucial step for skeletal modification in the biosynthetic pathways of these important plant constituents. A number of studies have shown the beneficial effects of flavonoids in a variety of ailments including cancer, coronary heart diseases, bone mass loss, age-related diseases [1] , Mycobacterium tuberculosis [2] , as well as acting as antifungal agents [3, 4] .
Studies have also been conducted in order to elucidate the structureactivity relationships of flavonoids [5] [6] [7] since these compounds, being readily available from nature, can act as effective alternatives to synthetic antimicrobials with the bonus of having fewer side effects. The structure of a flavonoid molecule and the nature of the substituents on the A, B and C rings are pivotal in conferring several of the observed activity patterns. Thus flavonoids have been found to inhibit a variety of enzymes including 5-lipoxygenase, cyclooxygenase and mono-oxygenase [8] .
Extensive research on flavonoids isolated from medicinal plants [9] [10] [11] [12] [13] [14] has resulted in them being employed in effective anti-tuberculosis remedies. An in-depth understanding of the structure activity relationship of flavonoids will inevitably pave the way for newly synthesized anti-tuberculosis drugs through structural modification of lead compounds isolated from medicinal plants.
Galenia Africana, obtained from Parceval (Pty) Ltd Pharmaceutical (South Africa) belong to the family Aizoaceae; also known as Kraalbos, geelbos or perdebos, has a distribution range from the dry flatlands and lower slopes of the Northern Cape, Namaqualand and Karoo extending all the way to the Eastern Cape of South Africa [15] . The plant was chewed by the indigenous Khoi-San to relieve toothache and has also been implicated in the treatment of venereal diseases, wounds, skin diseases and to relieve inflammation of the eye [16] .
During a drought, livestock, as a last resort, are often forced to graze on this plant and its ingestion has been directly implicated with liver damage, together with serious ascites in small animals such as sheep and goats to cause a condition commonly known in South Africa as "waterpens" or "water belly" [17] . Extracts of G. africana have demonstrated substantial activity against Mycobacterium tuberculosis [18] . Antifungal activity of an ethanol extract of G. africana has also been documented against Alternaria sp, Botrytis cinerea, Cylindrocarpon sp, Eutypa lata, Fusarium equiseti, F. graminearum, F. oxysporum, F. solani, F. verticillioides, Penicillium expansum and Phaeomoniella chlamydospora [19] .
It is against this background that we report the isolation of two new and seven known flavonoids from G. africana and two known flavanoids from D. rhinocerotis for the first time .
The separate 80% ethanol:water extracts of G. africana and D. rhinocerotis were subjected to phytochemical scrutiny and flavonoids were shown to be the major secondary metabolites present.
Compound 1 was assigned as (E)-2',4'-dihydroxylchalcon [27] . In order to confirm the substitution pattern in ring A, 1 was acetylated to the corresponding diacetate (1a) in which a doublet at δ 7.01 (J = 2.2 Hz) was assigned to H-3' and a doublet of doublets at δ 7.13 (J = 8.4 and 2.2 Hz) was assigned to H-5'. The trans Hα-Hβ enone pattern (J = 15.8Hz) was clearly observable in the 1 H NMR spectrum [23, 24] .
Compound 2 was assigned as either 7-hydroxyflavanone or liquiritigenin (LG) [28] , while compound 3 was assigned as 2',4'-dihydroxydihydrochalcone 3 [25] . The 1 H NMR spectrum of 4 displayed a sharp 2-proton singlet at δ 6.00, which was somewhat puzzling since H-6 and H-8 were expected to appear as a pair of meta coupled hydrogens. In order to clarify this enigma, flavanone 4 was acetylated to afford the diacetate 4a, in which H-8 appeared as a 1-proton doublet at δ 6.54 (J = 2.2 Hz), while H-6, being more deshielded, appeared as a doublet at δ 6.79 (J = 2.2 Hz). Comparing both the 1 H and 13 C NMR spectra with the literature allowed 4 to be assigned as either (S)-5,7-dihydroxy flavone or pinocembrin [26] [27] [28] [29] [30] [31] [32] . Comparison of the spectral data with that found in the literature of 5 confirmed it to be 2',5,7-trihydroxyflavanone [32 -34] .
The first striking feature in the 1 H NMR spectrum of 6 is the single 3-proton peak at δ 3.82 ascribed to a methoxy group. Ring A protons appeared as clearly identified pairs of meta coupled doublets at δ 6.05 and 6.11 ( J = 2.2 Hz), similar to that of 5, which suggested that ring A of 6 was similarly substituted by oxygen functionalities at C-5 and C-7, as expected from biosynthetic considerations. A signal at δ 12.05 is due to the 5-OH being hydrogen-bonded to the peri-carbonyl at C-4. The multiplicities of ring B proton signals suggested a similar substitution pattern to that found in flavanone 5, thus placing either the second OH or OMe group at C-2' in ring B. In order to identify which of the latter two groups was attached to ring B, flavanone 6 was acetylated to afford the corresponding diacetate 6a, which gave a very definitive 1 H NMR spectrum. The spectra of 4a and 6a for ring A were almost identical, while if the OMe group were to be placed at C-7 then the 2',5-diacetate of 6 would be expected to display signals for H-6 and H-8 at quite dissimilar δ values. Thus the OMe was assigned to position C-2' in ring B, which allowed the assignment of the structure of 6 reported here for the first time.
Assignment for the structure of chromenone 7 was based on its spectral comparison with the literature [32] , as was the assignment made for 8 as alpinetin [35 -37] . The 13 C NMR spectrum for 9 displayed 17 signals, of which two were due to OMe groups, viz., δ 55.3 and 56.7. A pair of trans coupled protons at δ 7.65 and 7.76 (J = 16.7 Hz) in the 1 H NMR spectrum suggested a chalcone scaffold. A strongly deshielded proton signal at δ 12.02 suggested that an OH was attached at C-2'. The substitution pattern for ring A was clear from the following signals: a doublet of doublets at δ 6.42 (J = 7.6 and 2.0) assigned to H-5', a doublet of doublets at δ 6.50 (J = 7.6 and 2.0) assigned to H-3', while a triplet at δ 7.38 (J = 7.6) was assigned to H-4'. H-4 appeared as a multiplet at δ 7.00, while H-2 and H-6 appeared as a coalesced multiplet at δ 7.20. A triplet at δ 7.46 (J = 8.0Hz) was thus assigned to H-5. COSY correlations established the two separate ring A and B spin systems and their respective connectivity supported the assignment of the structure of 9 reported here for the first time.
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Finally, compound 10 was assigned as sakuranetin [32] , while that of 11 was assigned after the spectrum originally run in CDCl 3 was rerun in acetone-d 6 in which case the three ring B aromatic protons were clearly distinguished viz, H-5' appeared as an ortho coupled doublet at δ 6.87 (J = 8.0 Hz), while H-6' appeared as a doublet of doublets at δ 7.01 (J = 8.0 and 1.8 Hz) and finally H-2' appeared as a meta coupled doublet at δ 7.20 (J = 1.8 Hz) confirming the substitution pattern of ring B [33] . The relative positions of the OH and OMe groups were made on biosynthetic grounds, as well as by comparison with literature spectral data values and thus 11 was assigned as eriodictyol-3',7-dimethyl ether [31] .
All characterized molecules 1-11 were tested against Mycobacterium tuberculosis (H37Rv) and evaluated over a 7 day period. From Table  1 it would appear that although 6 did not show promise, there was a steady decline in survival rate with time. The most promising molecule 9, which displayed good bactericidal activity, was further evaluated for MIC 99 at 5 different concentrations illustrated in Table  2 , in which it is clear that a concentration of 5µM proved to be most effective. 8  14  13  13  26  35  2  20  21  26  36  45  57  83  3  15  15  15  19  22  24  34  4  38  38  42  46  52  57  74  5  22  16  15  18  21  25  37  6  218  167  122  114  101  89  90  7  30  29  30  36  41  44  57  8  12  4  7  11  31  46  58  9  27  21  19  22  22  24  33  10  8  11  14  26  41  58  85  11  72  70  72  89 It has been noted that chalcones represent promising candidates in TB management programs. Mascarello et al. [36] showed that the enzyme protein, tyrosine phosphatase A (PtpA) is associated with Mycobacterium tuberculosis infection. Any compound or substance able to interfere or inhibit the synthesis of this enzyme should reduce infection. A dimethoxy substituted A-ring of a chalcone is oriented towards the phosphate-binding pocket of the PtpA active site ( Figure  2 ). This orientation is favorable for the formation of three hydrogen bonds in the main chain viz., the NH of Thr12, the NH 2 side chain of Arg17 and the NH 2 side chain of the His 49 residue of the PtpA binding site. Thus the oxygen atom of the methoxy or even phenolic substituent will be able to form two hydrogen bonds with Thr12 and Arg17. An electron-rich 2-naphthyl B-ring will undergo π-stacking with the side chain of the Trp 48 in a classical parallel displaced arrangement, although this has not efficiently been established as a mode of inhibition and merely acts as a pointer. Alessandra et al. depicted this with a series of synthetic chalcones [38] . Flavanones, on the other hand are geometrically constrained with the two terminal aromatic rings being roughly in the same plane compared with their chalcone analogues. These structural constraints are the main reason for their relatively lower antimycobacterial activity compared with their open-chain chalcone counterparts. Generally, a hydrophobic substituent on one aromatic ring and a hydrogen-bonding group on the other will result in increased anti-TB activity of a chalcone, while a decrease in anti-TB activity of the flavanones is attributed more to the perception of confinement of the aromatic rings to the same plane [39] . Structural modifications of chalcones have demonstrated an enhanced activity against M. tuberculosis. Thus a chalcone with a 2hydroxyl group and a 3-iodo-or 3-chloro-group in the B-ring is expected to have improved activity over compounds missing these groups. This regiospecific activity was demonstrated by the introduction of a chloro or methoxy group at the 4-position in the Bring in 2-hydroxy chalcones, which had a lower activity compared with the parent molecule, whereas introduction of a bromo substituent at position C-3 of the B-ring of the same chalcone had the effect of increasing its activity [39] . This finding seems to confirm the activities of compounds 1 and 9 in which the latter has a 3-MeO group.
Chalcone 9, with an MIC 99 of 5µM (Table 2) against M. tuberculosis clearly warrants further interrogation to discover whether it could further be developed into an effective lead as an antimycobacterial compound. The potential for structural modifications of chalcone 9 via synthetic protocols to produce analogues of higher activity would generate libraries of new compounds with a real possibility of improved activity. Two new flavonoids viz., 6 and 9, together with seven known ones, have been isolated from G. Africana, while two known flavonoids viz., 10 and 11 were isolated from D. rhinocerotis and are reported here for the first time.
Experimental
General procedures: Nuclear magnetic resonance ( 1 H and 13 C NMR) spectra were recorded in either CDCl 3 or acetone-d 6 Plant material: An extract of dried leaves of the plants in ethanol was prepared as an 80% solution of ethanol: water by Parceval (Pty) Ltd Pharmaceutical (South Africa). Leaves of the plant were milled (sieve size approximately 2-3 mm), followed by mixing with 80% ethanol:water at 20 g milled leaves per 100 mL of aqueous ethanol. The mixture was stirred for 18 h. The extracts were pressed to afford a separation of the tincture from the milled leaves. Filtration was carried out to separate the tincture from plant debris. The extract was delivered to our laboratory as an 80% ethanol:water extract and stored at 20 o C.
Phytochemical screening: Aliquots of 0.5 mL were used for qualitative phytochemical screening to identify the various classes of active chemical constituents. Standard prescribed methods were used and the tests were noted as weak (+), moderate (+ +), strong (+ + +) and absent (-).
Isolation procedures:
A total of 2 L of each 80% ethanol:water extract of each plant was evaporated in a rotary evaporator at 40°C and afforded an olive-yellow thick oily solid (20.15g) and (20.17g) for G. africana and D. rhinocerotis, respectively. Each sample was subjected to gravity liquid column chromatography (GLCC) and eluted with EtOAc/n-hexane of increasing polarity. The eluting system comprised 1000 mL each of 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, and 80% EtOAc/n-hexane mixtures. Fractions collected were analyzed by TLC and those that showed the same TLC characteristics in 30% EtOAc/n-hexane were pooled together and concentrated under vacuum at 40°C to afford 6 major fractions labeled G 1(1.72g), G2 (4.77g), G3 (2.62g), G4 (2.32g), G5 (1.03g), G6 (0.91g) and R1 (0.62g), R2 (6.90g), R3 (1.82g), R4 (1.11g), R5 (0.66g), R 6(0.74g) for G. africana and D. rhinocerotis, respectively.
Fraction G2 (3.66 g) was re-chromatographed using 30% EtOAc/ n-hexane as eluent at a flow rate of approximately 0.5 cm 3 /min and fractions were collected in 60 test tubes of 18 mL each. Following TLC analysis, tubes with similar component characteristics were pooled together (0.77 g) and further re-chromatographed at the same flow rate as above but employing 25% EtOAc/n-hexane as eluent and in this case 30 fractions of 10 mL each were collected. Following TLC analysis, 2 distinct compounds (tubes 1 -17 and 18 -30) were observed under a UV lamp and after spraying with a 2% vanillin in sulfuric acid solution and heating to about 110°C for 3 to 6 min, pink-red spots were persistent. Concentration of the contents of the tubes having spot 1 (tubes 1 -17) afforded 1 as yellow crystals (0.19 g) (Fig 1) . A further analysis of tubes 18 -30 indicated the presence of 2 molecules with overlapping TLC characteristics. Efforts to separate the 2 components proved to be unsuccessful in our hands. Thus acetylation of this mixture and subsequent preparative TLC separation of the 2 acetate derivatives, followed by their hydrolysis afforded beige crystals of 2 (0.55 g) and a deep yellow amorphous powder of 3 (0.38 g), respectively (Fig 1) . Fraction G3 (1.4 g) was further re-chromatographed using 35% EtOAc/n-hexane as eluent and 60 test tubes each of 10 mL were used to collect the eluent.
Tubes 1 -24 comprised one compound on TLC analysis, while tubes 25 -60 had components running very close to each other. Concentration of tubes 1 -24 afforded a light yellow powder of 4 (0.66 g) (Fig 1) . The residue obtained from tubes 25 -60 was subjected to repeated preparative TLC with the same solvent system as above to afford a creamy-yellow solid of 5 (Fig 1)(0.14g) and a pale-yellow solid of 6 (0.12 g) (Figure 1 ), respectively.
Fraction G4 (1.7 g), when re-chromatographed with 30% EtOAc/n-hexane as eluent, afforded 60 test tubes of 15 mL each. Concentration of fractions with similar profiles (tubes 13-45) gave a residue having 3 closely eluting compounds which could not be separated cleanly on a silica gel column. The sample mixture (0.210 g) was then subjected to PTLC using 30% EtOAc/n-hexane as eluent. After repeated developments, 3 clear UV active zones were observed. In this way, 7 (0.031 g), 8 (0.021 g), and 9 (0.011 g) ( Figure 1) were isolated as yellow wax-like compounds.
Fraction R2 (1.6 g), which had the greatest flavonoid content, was re-chromatographed using 30% EtOAc/n-hexane as eluent to afford 60 test tubes of 10 mL each. Tubes with similar TLC profiles (10-32) were pooled and the residue was further purified by PTLC using 30% EtOAc/n-hexane as eluent. Prominent zones observed under a UV lamp were carefully removed and dissolved in dichloromethane to afford 10 (0.220 g) and 11 (0.910 g) as an off-white and creamy white powders, respectively.
Bacterial strains:
The M. tuberculosis (H37Rv) used in these experiments was the American Type Culture (ATCC), (ATCC27294) and is sensitive to Isoniazid (INH) and Rifampicin.
An aliquot of H37Rv bacteria was suspended in 7H9 mycobacterial growth medium (Middlebrook) and the bacterial suspension added to a BACTEC vial containing BACTEC 12B growth medium (Becton Dickinson, USA). The BACTEC vial was incubated at 37°C and growth monitored every 24 h until a growth index (GI) value of 500 (or the nearest) was reached. This represented the primary culture and was used for testing bacterial viability against isolated compounds.
GI values were derived by the BACTEC 12B machine measuring the radioactive carbon dioxide ( 14 CO 2 ) liberated when viable mycobacterium metabolizes the 14 C-labelled substrate in the 12B medium inside the BACTEC vial. GI is directly proportional to mycobacterium growth.
The test compounds, typically dissolved in DMSO or water, were added to BACTEC vials to give a final concentration (1 -100µM) appropriate for the stage of testing. BACTEC vials were incubated at 37°C and the GI was monitored every 24 h in a BACTEC 460TB system. A growth index below 10 was considered as negative growth and above 10 as positive. The growth indices of the test compounds were compared to a control culture containing either sterile DMSO or water and expressed as percent killing for each compound.
Determination of MIC 99 :
For a MIC 99 determination (concentration required to inhibit 99% of the organisms), a 1:100 dilution of bacteria was made and used against a solvent control, e.g. BACTEC vial containing the appropriate volume of the solvent (DMSO or water) + 1:100 dilution of bacteria (same volume of bacteria used in the undiluted form for the rest of the vials) is included in the test protocol. For a MIC 99 , the GI of one of the compound dilutions will be the same as or lower than the GI of the 1:100 dilutions.
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The required volume of each compound was placed in an Eppendorf tube to which a fixed volume (300 µL) of 12B medium was added using a syringe (1 mL syringe with 26 gauge needle). The compounds were transferred to the BACTEC vial and the Eppendorf rinsed once to ensure transfer of all traces of the compound to the BACTEC vial. The required volume of bacteria (100 µL as the standard) was placed in a new Eppendorf tube, transferred to the same BACTEC vial and the Eppendorf rinsed once to minimize leftover. Appropriate controls were included viz., INH (at 0.05 µg/mL); the solvent containing the compounds (water or DMSO); a vial with bacteria only to note any solvent effect on bacterial growth was also included. BACTEC vials were incubated at 37°C and read in the BACTEC 460TB machine every 24 h. 1 
(E)-2',4'-Diacetoxychalcone (1a)

